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TL:7 publication is one of a series dealing with the utilization of the 
T of animal feeds and of human foods. The metabolizable energy is  
ergy in the feed eaten less that  excreted and is the maximum amount 
:rgy tha t  can be utilized by the animals. No allowances are made 
e work of digestion and other losses involved in the utilization of 
gested nutrients. Comparison of the heats of combustion found by 
;is with the heats of combustion calculated by the usual methods, 
d an average percentage difference of 2.1 per cent for 48 samples 
ds, 0.9 per cent for 62 rations, and 2.1 per cent for 136 samples of 
nents, with standard deviations of 2.1 per cent, 1.8 per cent and 2.8 
mt, respectively. The values used in the calculations for feeds were 
tlories per gram of protein, 9.47 Calories per gram of fat,  and 4.2 
es per gram of nitrogen-free extract and of crude fiber. The same 
r were used for excrements with the additional values of 2.735 
es per gram of uric acid and 5.8 Calories per gram of ammonia. 
correction was made for the protein retained, the metabolizable 
v calculated from the digestible nutrients agreed well with the value 
in 128 tests with growing chickens. The average difference was 2.1) 
n t  and the standard deviation of the differences was 2.8 per cent. The 
olizable energy (on maintenance basis) of ordinary chicken feeds can 
lculated by using the value of 4.4 Calories per gram of digestible 
n, 9.47 Calories per gram of digestible ether extract (fat),  and 4.2 
es per gram of digestible nitrogen-free extract and crude fiber. when 
e is present in appreciable quantities, (as in dried whey, dried skim 
and to  a less extent, in dried buttermilk), greater accuracy can be 
ECLULcd by allowing for the fact that  its heat of combustion is 3.7 Calories 
per gram instead of the 4.2 Calories per gram used for nitrogen-free 
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METABOLIZABLE ENERGY OF SOME CHICKEN FEEDS 
G. S. Fraps, Chief, E. C. CarIyIe and J. F. Fudge, Chemists, 
Division of Chemistry 
\ 
The work here presented is a part of a comprehensive investigation 
of the utilization of the energy of feeds by animals. Previous publica- 
tions have discussed the digestibility of some chicken feeds (5) ,  the 
utilization of energy of feeds by growing chickens (G), the utilization of 
the enerzy of wheat products by chickens (7), and the energy values 
of corn bran, rice bran, and rye flour (8). Other work is in progress. This 
publication deals with the metabolizable energy of chicken feeds. 
The values of feeds have been judged by consideration of the quantities 
of the various digestible nutrients, of the metabolizable energy, or  by 
measurinz the utilization of the food by animals. The metabolizable energy 
is defined as the total energy less the energy in the solid excrement, in 
the liquid excrement, and in case of ruminants, the gases produced by 
fermentation in the process of digestion. The metabolizable energy is, 
therefore, the maximum quantity of the energy of the food which may 
possibly be used by the animal. The energy cost of utilization is  not in- 
cluded in the metabolizable energy. Mitchell and associates have reported 
that  for  chickens metabolizable energy of corn is 331.6 Kg. Calories per 
100 gm. or 82.670 (14), 85% ( l l ) ,  and 83Y0 (12) of the gross energy, that  
of wheat as 80.5% of the gross energy (12), and that  of soybean oil meal 
52 to 6570 of the gross energy (13). Axelson (2) reported the metabo- 
lizable energy of some chicken feeds, but the values given were secured 
by multiplying the digestible nutrients by assumed factors: for protein, 
4.7, for  fat,  8.3, for nitrogen-free extract, 3.8, and for crude fiber, 3.8. 
Daikow (3 )  reported the metabolizable energy of whole barley a s  being 
71.2, 71.8, 71.5, and 72.3%, of whole oats a s  62.376, and of millet a s  75.8CTo 
of the gross energy. Metabolizable energy used in Texas Bulletin 571 (6) 
was calculated on the assumption that the metabolizable energy of the 
effective digestible constituents of the feeds was 4.1 Calories per gram. 
A number of digestion experiments have been made a t  the Texas Agri- 
cultural Experiment Station on chicken feeds, with use of chickens from 
2 to 10 weeks of age, in connection with studies of the productive energy 
values of feeds already reported in part (6, 7, 8). The metabolizable 
energy was determined in connection with a number of these experiments. 
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Method of Procedure 
The chicks were kept in electrically heated brooders in groups of 7 to 
10 chickens. The ration being tested was fed for a preliminary period of 
3 days followed by a test period of 4 days, during which the excrement 
was collected. A little less feed was given daily in the collection period 
than in the preliminary period, so that  little feed would remain uneaten. 
Any scattered feed was collected and weighed. The excrements were col- 
lected twice a day and dried in an  electric oven a t  85°C. The feeds and 
excrements were analyzed for protein, fat,  crude fiber, water, and ash by 
A.O.A.C. methods. The heat of combustion was determined in an Emerson 
bomb calorimeter with adiabatic jacket. 
Uric acid in the excrement was determined by the following method: 
Weigh 1.4 grams into a 150 cc beaker, add 25 cc of ice-cold 
alcohol and allow to stand for thirty minutes in ice water. Trans- 
fe r  quantitatively to a 50 cc centrifuge tube and centrifuge until 
clear. Decant the liquid and wash twice with 25 cc ice cold 9570 
alcohol. Transfer the residue with 25 cc ether to a hardened filter 
paper and wash twice with 15 cc ether. Transfer to a beaker and 
add 25 cc 0.2 hydrochloric acid and allow to stand over night in 
a refrigerator. Transfer to a centrifuge tube, centrifuge and wash 
twice with ice cold water. Transfer the residue to a 150 cc beaker 
with 25 cc water, add 15 cc 0.2 N sodium hydroxide and heat on 
the water bath until the white particles of uric acid have all dis- 
solved. Centrifuge, pour the supernatant liquid into a 250 cc 
beaker and wash the residue three times with 50 cc hot water. 
Evaporate the solution to about 50 cc, transfer to a 150 cc beaker, 
and continue the evaporation to about 30 cc. Add 5 cc concen- 
trated hydrochloric acid, evaporate to about 25 cc, and allow to 
stand 24 hours in the refrigerator. Centrifuge and wash "Lice 
with ice-cold water. Transfer residue to a Kjeldahl flask and 
determine nitrogen. The nitrogen multiplied by 3 is uric acid. 
Ammonia in the excrement was determined a s  follows: 
Weigh 1.4 grams excrement into a Kjeldahl flask and add 200 
cc water, a drop of lubricating oil, some pieces of sharp glass or 
broken alundum and about 2.0 grams magnesium hydroxide. Dis- 
till into 15 cc 0.2 N hydrochloric acid. Calculate nitrogen as  
ammonia. 
Comparison of Heats of Combustion of Feeds as Found by 
Analysis and as  Calculated 
The heat of combustion af ingredients of foods and feeds have been 
determined by a number of workers. Armsby (Nutrition of Farm Ani- 
mals) (1) gives the following values in Calories per kilogram: 
Animal protein .......... .5700 Animal fats  ............. .9500 
Vegetable protein ........ .5636 Vegetable fats  .......... .9470 
Carbohydrates .......... .4185 Ether extract of seeds. ... .9467 
Sucrose .................. 3955 Ether extract of roughages. 7962 
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The heats of combustion (Calories per kilogram) of digested nutrients 
as  digested by ruminants are calculated by Armsby a s  follows: 
.......................... Protein (wheat gluten) 5975 
Protein (assumed average) ...................... 5700 
Crude fiber ..................................... 4254 
Nitrogen-free extract of hay.. .................... 4232 
Nitrogen-free extract (starch) .................... 4185 
Ether extract of hay .. i . . . . . . . . . . . . . . . . . . . . . . . . . .  8322 
Peanut oil ...................................... 8821 
Total organic matter of roughage ................ 4472 
The heats of .ssn~bustion of the feeds here discussed were determined 
directly with a bomb calorimeter. They were also calculated (1) from the 
chemical analysis with use of 5.7 Calories per gram for protein, 9.47 
Calories for ether extract (fat) ,  4.2 Calories for  nitrogen-free extract, 
and 4.2 Calories for crude fiber. 
In the determination of heat of combustion, the heat evolved was meas- 
ured by a thermometer calibrated by the U. S. Bureau of Standards, which 
was graduated a t  intervals of 0.02"C. and which could be read to an  
accuracy of about .002 degrees C. The change in temperature during the 
combustion was usually from 1.6 to 2.0°C. The error of reading could 
therefore be ,004 degrees or about 0.2 per cent. The actual error may be 
less than this, since the heat of combustion used was the average of 2 or  
more independent analyses. Other factors could, however, affect the accu- 
racy of the work. A difference of 1 per cent could be ascribed to  the 
error of analysis. 
The composition and heats of combustion of 48 samples of feeds a s  
found by direct combustion and as  calculated are given in Table 1 together 
with the ratio between them, expressed a s  percentage of the calculated 
value. The average difference between the value found and the value calcu- 
lated is 2.1 per cent. The standard deviation is 2.8 per cent with the 48 
samples, 2.3 per cent if lactose is excluded. On an average, the calculated 
heat of combustion (4.792 Calories per gram) is practically the same a s  
the heat of combustion found by use of a bomb calorimeter (4.777). The 
heats of combustion found were higher than those calculated for alfalfa 
leaf meal (2.9%), casein (4.1%), oat hulls (4.0%), and yeast (1.6%), 
and lower than those calculated for corn meal (1.9%), low grade flour 
(1.9%), patent flour (2.3%), lactose (10.7%), rice bran (1.2T0), rice polish 
(1.6%) and starch (2.9%). The differences are small, except for lactose. 
The calculated value of lactose is too high compared with the value found, 
which latter, however, (3.717 Calories per gm.) is close to the value of 
3.731 given by Emery and Benedict (4) or in the International Critical 
Tables (10) for lactose containing 1 molecule of water. For feeds high 
in lactose, such as  dried buttermilk, dried skimmed milk, and dried whey, 
i t  is probably desirable to use 3.7 calories per gram of nitrogen-free 
extract in place of 4.2 calories. Other special feeds may also require 
different values. 






Protein Ether  
extract 
Heat  of comb lstior. 
Ni troqen --- 
Crude free Water  Ash 
fiber extract 
---- --- 
Alfalfa leaf meal. .  . . . . . . . . . . . . . . .  
; Alfalfa leaf meal . .  . . . . . . . . . . . . . . .  
Average (2). 20.22 
Cssein . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81.30 
1 Casrin . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  81.90 
. . . . . . . . . . . . . . . . . . . . . . . . .  Casein 194-196 84.76 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Chsein Average (4) . . . . . . . . . . . . .  :;:?I 
Corn Eran . . . . . . . . . . . . . . . . . . . . . .  
Corn bran.  . . . . . . . . . . . . . . . . . . . . .  
C o r n i r a n  . . . . . . . . . . . . . . . . . . . . . .  
Average (3). . . . . . . . . . . . . . .  
Corn mral  (u hite) . . . . . . . . . : . . . . .  
Corn mraa (ch t e ) .  . . . . . . . . . . . . . .  
Corn nical (n h i x )  . . . . . . . . . . . . . . .  
C rn meal (H hi:e) . . . . . . . . . . . . . . .  
C rn meal ( ah i  e ) . .  . . . . . . . . . . . . .  C Cc n meal ( v  11 te) . . . . . . . . . . . : . . .  
Corn meal (ir hite) . . . . . . . . . . . . . . .  
Corn meal (R h-te)  . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  . Average (8). 
Corn meal (ye1:ow). . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Flour, low grade..  13.20 2.24 .43 71 G7 11.52 .94 3.854 3.932 96.5 
. . . . . . . . . . . . . . .  Flour, low g r ~ d e . .  1GP-192 IT,. 67 1 .  4 .50 70.18 11.40 .8> 3.937 4.012 98.6 
. . . . . . . . . . . . . . . .  Flour, low grntie. ,211 13.78 2.08 -50 0 4 . 8 ,  12.74 1.01 3.985 4.013 99.3 
Avercge (3) .  . . . . . . . . . . . . . . . . . . . . . .  13.68 2.03 .43 68.91 11 .91 .93  3.932 4.006 98.1 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Flour, patent .  12.57 .9 l  .25 73.25 12.55 .47 3.833 3.830 98.7 
. . . . . . . . . . . . . . . . . .  Flour, patent.  168 -224 12.83 . 8  L .24 7.3.43 12.17 .49 3.75,: 3.905 96.1 
. . . . . . . . . . . . . . . . . .  ITlour, patent .  2J1-210- 
225 13.96 1.01 .43 70.83 13.22 .53 3.81p 3.886 98.3 
Average (3). . . . . . . . . . . . . . . . . . . . . . .  13.12 1 1 2  3 0  72.52 l2 . l i i  . j 0  3.803 3 . 8 9 ~ 1  97.7 , 
. . . . . . . . . . . . . . .  Rafir (blackhull). 281 11 .!15 3.4'5 2.331 70.95 9.811 1 . 5 0  4.114 4.0871 100.7 
. . . . . . . . .  K a l ~ r  (maxy endosperm) 282 1 8 (I(; 2 f!3 70.52 0 lli 1 .83 4.0(;!i 4 .  132 98.4 
. . . . . . . . . . . . . . . .  . . . . . . .  Average (2) I. / I I .L17! ., 7iA 2:181 70.71 4 , 1 8 4 000 4. 110 B!). 6 
Lactose. . . . . . . . . . . . . . . . . . . . . . . .  
I-Iydrogenated oil. .  . . . . . . . . . . . . . .  
I-Iytirojicnated oil. .  . . . . . . . . . . . . . .  
Average (2) .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  Oat hulls. 
Corn oil.. . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Peanut c i l . .  
Xoyhcancil . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Wcs-on o i l . .  
Average oils (4).  . . . . . . . . . .  
Rice bran . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Rice polish. 
. . . . . . . . . . . . . . . . . . . .  Rye f lour . .  
. . . . . . . . . . . . . . . . . . . . . . . .  Starch. 
S t ~ r c h  . . . . . . . . . . . . . . . . . . . . . . . . .  
Stsrch . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Stzrch 
Average (4) .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Wheat b ran . .  
Wheat bran 
Wheatbran 
Average (3). 51.72 
. . . . . . . . . . . . . . . .  Wheat gray shorts. .  19.03 4.24 6 .43 54.81 10.51 
"'mat Average gray shorts.. (2).  . . . . . . . . . . . .  . . . . . . . .  : iji a 1 19.27 '9 m"::B l.:i 54.94 g. 5i71 
. . . . . . . .  54.88 10.04 
Yeast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  45.42 .99 6 .26 33.20 5 .53  
Yeast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  47.25 34.97 
. . . . . . . . . . . . . . . .  A v e r a g e 2  : . .  1 4 6 . 3  i b i i  $:SI 34.04 ::::I 
Average (48samples) 
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The corn meal was fed in balanced rations A, B or C given in Table 2. 
The other feeds were fed in similar rations, in which they replaced the ~ 
corn meal to the extent of 50% with most of the feeds, 15% with oils, 
and 40% with casein. 
The chemical composition and the heats of combustion of the rations 
a s  calculated and a s  found are given in Table 3 with the ratio of the 
values found divided by the values calculated expressed in per cent. The 
average difference for the rations is 0.9 per cent, much less than the 2.1 
per cent for thk unmixed feeds. The standard deviation is 1.8, less tl - 
2.3 per cent found for the unmixed feeds, lactose excluded. These d 
show that  on an  average of 62 samples the heat of combustion found 
99.8% of the calculated value. 
The heat of combustion can therefore be calculated for the feeds in 
question from the chemical analyses with an excellent degree of accuracy. 
Table 2. Percentage eonstituents o f  rations 
Relation of Heat of Combustion of Excrements as  Found by Combustion 
and as  Calculated from the Chemical Composition 
52133 
corn meal 
rat~on (Basal C) 
. . . . . . . . . . . .  
4 . 0  
. . . . . . . . . . . .  
6 . 0  
16.3 
1 .5  
1 . O  
1 . 0  
. . . . . . . . . . . .  




Corn meal..  . . . . . . . . . . . . . . . . . . . . . .  
Alfalfa leaf meal. . . . . . . . . . . . . . . . . .  
Casein. . . . . . . . . . . . . . . . . . . . . . . . . . .  
Yeast . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts. . . . . . . . . . . . . . . .  
Calcium carbonate. . . . . . . . . . . . . . . .  
Salt . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Trl-calcium phosphate. . . . . . . . . . . . .  
Sardilene oil. . . . . . . . . . . . . . . . . . . . . .  
Cod liver o i l . .  
Skimmed milk 
Cottonseed meal 
Corn meal . .  ...................... 
The heats of combustion of the dried excrements were measured directly 
in the bomb calorimeter. They were calculated from the analyses by use 
of the same values as  those used for the feeds, with the addition that the 
uric acid was considered to have the value of 2.735 Calories per gram (9) 
and the ammonia that  of 5.8 Calories per gram. The numbers of the 
digestion experiments in which each was used are given in Table 3 and 
those for the corresponding excrement in Table 4.. Analyses of the excre- 
ments and comparisons of the heats of combustion as calculated and as  
found are given in Table 4. The ratio between the calculated heats of 
combustion and those found by means of the bomb calorimeter are given 
in Table 4, expressed a s  per cent. The average of the differences is 2.1 
per cent and the standard deviation is 2.8 per cent. These data show that 
47990 
corn meal 
ration (Basal A) 
6 . 0  
6 . 0  
12.0 
2 . 0  
20.0 
1 . O  
1 . 0  
1 . 0  
1 . 0  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  








24 .0  
4 . 0  
40 .0  
2 . 0  
2 .0  
2 . 0  
2 . 0  
. . . . . . . . . . . .  
49205 
corn meal 
ration (Basal B) 
6 . 8  
6 . 0  
12.0 
2 . 0  
20 . 0 
1 . O  
1 . O  
1 . O  
. . . . .  o:i..., 
50.0 





































































Basal ration. . . . . . . . . . . . . . . . . . . .  
Basal ra t lon. .  . . . . . . . . . . . . . . . . . .  
Basal r a t ~ o n .  . . . . . . . . . . . . . . . . . .  
Average (3) 
Casein ration. . . . . . . . . . . . . . . . . . .  
Case~n r a t ~ o n .  . . . . . . . . . . . . . . . . .  
Average (2) 
Corn bran rat jon. .  . . . . . . . . . . . . . .  
Corn bran rat lon. .  . . . . . . . . . . . . . .  
Corn bran r a t i ~ n . .  . . . . . . . . . . . . .  
Corn bran rat ion. .  . . . . . . . . . . . . . .  
Corn bran ration..  . . . . . . . . . . . . . .  
Average (5) 
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal ratlon..  . . . . . . . . . . . . . .  
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal r a t ~ o n . .  . . . . . . . . . . . . .  
Corn meal ratlon..  . . . . . . . . . . . . . .  
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal ration..  .............. 
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal ration..  . . . . . . . . . . . . . .  
Corn meal rat!on.. . . . . . . . . . . . . . .  
Corn meal ratlon..  . . . . . . . . . . . . . .  
Corn meal ration..  . . . . . . . . . . . . . .  
Average (14) 
Corn oil ration..  . . . . . . . . . . . . . . . .  
Clear flour ration.. . . . . . . . . . . . . . .  
Low grade flour ration. .......... 
Idow grade flour ration. . . . . . . . . . .  





































































































































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.11 
1.83 


























































. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  










































































































Table 3. Percentage composition and heat of combustion of rations as found and calculated-(continued) 

























Patent flour ratjon.. ............. 
Patent flour rat!on.. . . . . . . . . . . . . .  
Patent flour ralion.. . . . . . . . . . . . . .  
Patent flour ration.. . . . . . . . . . . . . .  
Average (4) 
Kafir ration.. ................... 
Kafir ratlon.. . . . . . . . . . . . . . . . . . . .  
Average (2) 
Lactose ration.. ................ 
Oat hull ration.. ................ 
Peanut oil ration. . . . . . . . . . . . . . . .  
Rice bran ration.. . . . . . . . . . . . . . . .  
Rice polish ration. . . . . . . . . . . . . . .  
Rye flour ration.. . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Soybean oil ration. 
Starch ration.. . . . . . . . . . . . . . . . . . .  
Starch r a t ~ o n . .  . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . .  Starchra~ion 
Starch raticn. . . . . . . . . . . . . . . . . . .  
Average (4) 
.......... Starchandcaseinration 
Starch and yeast ration.. . . . . . . . .  
. Starch, yeast and corn oil ration.. 
. . . . . . . .  Hydrogenated 011 ration.. 



































































































































































































































































. . . . . . . . . . . . . .  Wcsson oil ration..  
. . . . . . . . . . . . . . .  Wesson oil ration. 
. . . . . . . . . . . . . .  Wesson oil ration..  
\\'esson 011 rai lon. .  . . . . . . . . . . . . . .  
Wcsson oil ra l ion. .  . . . . . . . . . . . . . .  
Average (5 ) .  . . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Wheat bran ration..  
. . . . . . . . . . . . .  Wheat hran ratlon..  
. . . . . . . . . . . . .  \\'heat bran raijon..  
. . . . . . . . . . . . .  Wheat bran r a t ~ o n . .  
Averagc (4 ) .  . . . . . . . . . . . . . .  
Wheat gray shorts. .  . . . . . . . . . . . . .  
Wheat gray shorts. .............. 
Average (2) .  .............. 
Average (62). .................. 
Average o f  differences.. .......... 
Standard dev ia t i~n  of aifferences. . 
Table 4. Percentage composition of excrements and heat of combustion as  calculated and as found 
Laboratory Number 
48133 . . . . . . . . . . . . . . . . .  
48134 . . . . . . . . . . . . . . . . .  
48135 . . . . . . . . . . . . . . . . .  
48136 . . . . . . . . . . . . . . . . .  
48286 . . . . . . . . . . . . . . . . .  
48287 . . . . . . . . . . . . . . . . .  
48305 . . . . . . . . . . . . . . . . .  
48306 . . . . . . . . . . . . . . . . .  
48307 . . . . . . . . . . . . . . . . .  
48308 . . . . . . . . . . . . . . . . .  
48313 . . . . . . . . . . . . . . . . .  
48314 . . . . . . . . . . . . . . . . .  
48315 . . . . . . . . . . . . . . . . .  
48316 . . . . . . . . . . . . . . . . .  
48540 . . . . . . . . . . . . . . . . .  
48541 . . . . . . . . . . . . . . . . .  
48542 . . . . . . . . . . . . . . . . .  
48543 . . . . . . . . . . . . . . . . .  
48592 . . . . . . . . . . . . . . . . .  
48593 . . . . . . . . . . . . . . . . .  
48594. . . . . . . . . . . . . . . . .  
48595 . . . . . . . . . . . . . . . . .  
48831 . . . . . . . . . . . . . . . . .  
48832. . . . . . . . . . . . . . . . .  
48833 . . . . . . . . . . . . . . . . .  
48834 . . . . . . . . . . . . . . . . .  
48867 . . . . . . . . . . . . . . . . .  
48868 . . . . . . . . . . . . . . . . .  
48869 . . . . . . . . . . . . . . . . .  
488 70. . . . . . . . . . . . . . . . .  
48069 . . . . . . . . . . . . . . . . .  
48970 . . . . . . . . . . . . . . . . .  
48971 . . . . . . . . . . . . . . . . .  
48972 . . . . . . . . . . . . . . . . .  
48303. . . . . . . . . . . . . . . . .  
48304 . . . . . . . . . . . . . . . . .  
48:334. . . . . . . . . . . . . . . . .  
48335 . . . . . . . . . . . . . . . . .  
48377 . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  48378 
48420 . . . . . . . . . . . . . . . . .  
48421 . . . . . . . . . . . . . . . . .  
48504. . . . . . . . . . . . . . . . .  
48505. . . . . . . . . . . . . . . . .  
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Table 4. Percentage composition of excrements and heat of combustion as calculated and as found (Continued) 
Nitrogen 
Ether  Crude 
extract 1 fiber 1 eLLF$t 1 %!$ 1 Laboratory Number D.'E. No. Protein N as Ammonia 
Average (136). 
Average of difl'erences.. 
S t a n d ~ r d  deviation of 
dillerenccs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I . .  . . . . . . . . . . . . . . . . .  
. I  
Found I Calculated 
Heat  of combustion 
in Cal. per gm. Ratio 
per cent 
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on a n  average of the 136 samples of excrement, the calculated heat of 
combustion is the same as  the heat of combustion measured in a bomb 
calorimeter, the ratio being 100.14 to  100.0. 
The results show that by means of the factors used the heat  of com- 
bustion of the excrements can be calculated with an  excellent degree 
of accuracy. 
MetaboEizakle Energy of the Mixtures 
The metabolizable energy per gram of the mixtures was ascertained 
from each of the digestion experiments by subtracting the calories of 
heat of combustion in the grams of excrement, from the calories in the 
grams of the feed mixture eaten, and then dividing the difference by 
the grams of the feed mixture eaten. 
The metabolizable energy of the mixtures was also calculated from 
the digested nutrients, as  found in each digestion experiment, with the 
same fzctors used in calculating the heat of combustion, nsmely, 4.2 for  
ni t ro~en-free extract 2nd crude fiber and 9.47 for  ether extract (fat) .  
However, the value of 4.0 previously used by other wo-rkers (15) was 
used for  protein. The metabolizable energy so calculated was found to  
be too low zs compared with the values found by experiment. 
This discrepancy is due to  retention of protein by the growing chicks. 
Previous ~vorli (6) has shown tha t  growing chicks, similar t o  -&ese used 
in this lvorli, retained on an  average 56.6 per cent of the digested protein. 
The value of 4 calories per gram of protein used in the calculstion, how- 
ever, was based on the assumption tha t  a21 the protein diqested was utilized 
by the animal ancl excreted in the form of uric acid. This assumption is 
entirely correct only for  animals on maintenance, tha t  is, for  those :qot 
retaining any of the digested protein. If all the protein eaten (5.7 calorizs 
per gram) is excreted as  uric acid (2.735 Calories per g ram of uric 
acid (9),  equal to 1.3 Calories per gram of protein) the metabolizabl-. 
energy of the protein would be 4.4 Calories per gram, which is greater 
than the 4.0 Czlories assumed in the preliminary calculation. In  the pre- 
vious work cited the chickens on an  average retained 56.6% of the protein ' 
digested. The factor (4.4 Calories per gram) for  calculating metab- 
olizable energy derived from protein was therefore corrected by adding 
56.65; of the value of the uric acid producod from 1 gram of protein, 
(.73 Calories) which gave 5.13 Calories per gram for  protein instead of 
5.7 Calories per gram, for  the growing chickens. 
The apparent metabo1izable energy was recalculated with use of the 
revised factor 5.13 Calories for protein and the calculated results are com- 
pared in Table 5 with those found in the 128 metabolizable energy experi- 
ments on the rations. The average value found was 2.97 Calories per 
gram compared with 3.00 calculated, which is  99.1% of the calculated 
value. The average difference is 2.0 per cent and the standard deviation 
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Table 5 . Metabclizable energy of rations as  calculated and as found 
Lab . 
K O  .
Basal 






Cal . per gm . 
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Basal ration . . . . . . . . . . . . . . . . . .  
Casein ration . . . . . . . . . . . . . . . . .  
Casein r a t ~ o n  . . . . . . . . . . . . . . . . .  
Casein ration . . . . . . . . . . . . . . . . .  
Casein ration . . . . . . . . . . . . . . . . .  
Corn bran ration . . . . . . . . . . . . . .  
Corn bran r a t ~ o n  . . . . . . . . . . . . . .  
Corn bran ration . . . . . . . . . . . . . .  
Corn bran ration . . . . . . . . . . . . . .  
Corn bran ration . . . . . . . . . . . . . .  
Corn bran ration . . . . . . . . . . . . . .  
Corn bran ratjon . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Corn bran ration 
Corn bran ration . . . . . . . . . . . . . .  
Corn bran r a t i ~ n  . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal r a ~ i o n  . . . . . . . . . . . . . .  
Corn meal raticn . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal radon . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal r a t ~ o n  . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
Corn meal ration . . . . . . . . . . . . . .  
. . . . . . . . . . . . . .  Corn meal ration 
Corn meal ration . . . . . . . . . . . . . .  
Corn oil ration . . . . . . . . . . . . . . . .  
Corn oil ration . . . . . . . . . . . . . . . .  
Clear flour ration .............. 
Clear flour ration . . . . . . . . . . . . . .  
Low graae flour ration . . . . . . . . .  
Low grade flour ration . . . . . . . . .  
Low grade flour ration . . . . . . . . .  
Idow grade flour ration . . . . . . . . .  
Low grade flour ration . . . . . . . . .  
. . . . . . . . . . . . .  Patent flour ration 
Patent flour ration . . . . . . . . . . . . .  
. . . . . . . . . . . . .  Patent  flour ration 
Patent flour ratlon . . . . . . . . . . . .  
I'atent flour r a t ~ o n  . . . . . . . . . . . . .  
Patent  fiour ration . . . . . . . . . . . . .  
Patent flour ration . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Kafir ration 
Kafir ration . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Kafir ration 
Kafir ration ................... 




Cal . per gm . 
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Table 5 . Metabolizable energy of rations as calculated and as found-(continued) 
M e t a b  . M e t a b  . 
Rat io  
N o  . r a t ~ o n  
. . . . . . . . . . . . . . . .  Lactose ration B 
. . . . . . . . . . . . . . . .  Oat  hull ration B 
................ Oat  hull ration B 
. . . . . . . . . . . . . .  Pcanu t oil ration C 
. . . . . . . . . . . . . .  Peanut  oil ration C 
. . . . . . . . . . . . . .  Peanut  oil ration C 
. . . . . . . . . . . . . . .  Rice bran ration B 
. . . . . . . . . . . . . . .  Rice bran ration B 
.............. l i icc polish ration B 
Rice polish ration . . . . . . . . . . . . .  B 
Rye  Ilour ration . . . . . . . . . . . . . . .  B 
. . . . . . . . . . . . . . .  Rve  flour ration B 
 be bean oil ration . . . . . . . . . . . . .  C 
Soybean oil ration . . . . . . . . . . . . .  C 
Soybcan oil ration . . . . . . . . . . . . .  C 
. . . . . . . . . . . . . . . . .  Starch ration B 
Starch ration . . . . . . . . . . . . . . . . .  H 
Starch ralion . . . . . . . . . . . . . . . . .  I3 
Starch ration . . . . . . . . . . . . . . . . .  H 
Starch ration . . . . . . . . . . . . . . . . .  B 
Starch ration . . . . . . . . . . . . . . . . .  B 
Starch ration . . . . . . . . . . . . . . . . .  B 
St:lrch ra!ion . . . . . . . . . . . . . . . . .  13 
Starch and casein ration . . . . . . . .  C 
Starch ant1 casein ration . . . . . . . .  C 
Starc11 and yeast ration . . . . . . . .  B 
S t : r r c h a ~ ~ d v e a s t r a t i o n  . . . . . . . .  R 
St.irctl, ?;e3<t and corn oil ration . B 
St.rrch. yeast and corn oil ration . B 
t1)drogenaled oil ration . . . . . . . .  H 
I-I\~clroqcnatcd oil ration . . . . . . . .  13 
I 1  ktlro!cnated oil ration . . . . . . . .  B 
Fl ytlrogcnated . oil ration . . . . . . . .  H 
\\7cssorl oil r a t ~ o n  
\ \ . , . s w n o i l r a t ~ o n . . . . . . . . . . . . . .  2; E 
\Vc. sson oil r a l ~ o n  . . . . . . . . . . . . . .  B 
\\-rsson oil ration . . . . . . . . . . . . . .  B 
\Y(%sscn oil ralion . . . . . . . . . . . . . .  B 
\\vcsson oil ralion . . . . . . . . . . . . . .  U 
\\7csson oil ration . . . . . . . . . . . . . .  C 
\\7csson oil ration . . . . . . . . . . . . . .  C 
\\'esson oil ration . . . . . . . . . . . . . .  C 
\Yesson oil ration . . . . . . . . . . . . . .  C 
\\'heat bran ration . . . . . . . . . . . . .  A 
\\'heat bran r a t ~ o n  . . . . . . . . . . . . .  A 
\\']]eat bran ration . . . . . . . . . . . . .  A 
\\'heat I r a n  ratjon . . . . . . . . . . . . .  A 
\\'heat bran r a t ~ o n  . . . . . . . . . . . . .  A 
\Vheat bran ration . . . . . . . . . . . . .  C 
\\'heat bran r a t ~ o n  . . . . . . . . . . . . .  C 
\\'heat gray shorts ration . . . . . . .  A 
\\'heat g a y  shorts ration . . . . . . .  A 
\Vhcat gray shorts ration . . . . . . .  A 
\\'heat gray shorts ration . . . . . . .  A 
Average (128) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Average of differences . . . . . . . . . . . . . . . . . . . .  
btandard  d e v ~ a t i ~ n  of differences . . . . . . . . . .  
. . . .  
of the differences is 2.8. These values are very close to those found for  
the feeds and for the excrements, the differences being 2.1 and 2.1 per 
cent respectively and the standard deviations being 2.3 and 2.8, but greater 
than for the rations, which were 0.9 for  the differences and 1.8 for the 
standard deviation . The agreement between the calculated analyses and 
those found is therefore excellent. when a factor for protein is used which 
corrects for the protein retained by the growing animal . 
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The data presented show that  the metabolizable energy of the feed of 
a growing chicken is appreciably less than that  of an  animal on a main- 
tenance diet. The amount of the difference would depend upon the per- 
centage of the protein retained by the growing animals. In order to cal- 
culate the metabolizable energy on a maintenance basis, the value of 4.1 
Calories per gram should be used instead of the value of 5.13 Calories 
found necessary in this work. The data show that  such a calculation 
should be very nearly correct. The actual metabolizable energy is that 
calculated to a maintenance basis, since the energy retained by a growing 
animal is part of the metabolizable energy. 
Metabolizable Energy of Individual Feeds 
The metabolizable energy of the individual chicken feeds fed in the 
rations was calculated from the experiments here described, with the 
I 
results given in Table 6. The metabolizable energy can also be calculated 
from the digestion experiments for  a maintenance basis by means of the 
factors here given, namely, 4.4 Calories per gram of digestible prot.in, 
9.47 Calories for digestible ether extract, and 4.2 Calories per gram of 
digestible nitrogen-free extract and digestible crude fiber. Since a large 
number of unpublished digestion experiments with chickens are available 
and since the metabolizable energy can be calculated from the results of 
such experiments, the calculation of the metabolizable energy of indi- 
vidual feeds can well await publication of more data on digestibility. 








D. E. No. 




Cal. per gm. 
Corn bran. . . . . . . . . . . . . . . . . .  
Corn bran . . . . . . . . . . . . . . . . . .  
Corn bran . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . .  Cornbran 
Corn bran . . . . . . . . . . . . . . . . .  
In  
C ~ I .  / prr rent 
per gram I c.f encrgp 
1 Average (51. . . . . . . . . .  . I . .  . . . . . . .  . I  4.342 1 I 
Corn meal (white). . . . . . . . . . .  
Corn meal (white). . . . . . . . . . .  
Corn meal (white). . . . . . . . . . .  
Corn meal (white). . . . . . . . . . .  
Corn meal (white). . . . . . . . . . .  
Corn meal (white). . . . . . . . . . .  

































Cal. per gm. 
3.982 































Corn meal (white). . . . . . . . . . .  
Corn meal (white) . . . . . . . . . . .  
Corn meal (white) ........... 
Average (9). 
Corn meal (yellow). . . . . . . . . .  
Flour, clear.. . . . . . . . . . . . . . . .  
Flour, low grade.. . . . . . . . . . . .  
Flour, low grade..  ........... 
Flour, low grade..  ........... 
Average (3). 
Flour, patent.  . . . . . . . . . . . . . .  
Flour, patent. . . . . . . . . . . . . . .  
Flour,patent . . . . . . . . . . . . . . .  
Flour, patent . .  . . . . . . . . . . . . .  
Average (4). 
Lactose. . . . . . . . . . . . . . . . . . . .  
Oat hulls.. . . . . . . . . . . . . . . . . .  
Wesson oil. .  . . . . . . . . . . . . . . . .  
Rice bran. .  ................. 
Rice polish. . . . . . . . . . . . . . . . .  
Rye flour.. . . . . . . . . . . . . . . . . .  
Starch . . . . . . . . . . . . . . . . . . . . .  
Starch. . . . . . . . . . . . . . . . . . . . .  
Average (2). 
Wheat bran. .  . . . . . . . . . . . . . . .  
Wheat bran..  . . . . . . . . . . . . . . .  
Wheat bran. . . . . . . . . . . . . . . .  
Average (3). 
\$'heat gray shorts.. . . . . . . . . .  
Wheat gray ~ h o r t s . .  . . . . . . . .  
Average (2) . . . . . . . . . . . . . . . . . . . . .  


























































































































































( 1 )  The heats of combustion of 48 samples of feeds were determined in a 
bomb calorimeter. The heats of combustion were calculated by use of 
the factors, 5.7 Calories per gram of protein, 9.47 Calories per gram 
of fat ,  and 4.2 Calories per gram of nitrogen-free extract and of crude 
fiber. The average difference between the values found and the values 
calculated was 2.1 per cznt and the standard deviation of the difference 
2.8 per cent, 2.3 per cent if lactose is excluded. 
( 2 )  The heat of combustion of lactose found was 3.717 Calories per gram, 
which is  close to  3.731 Calories previously reported by other workers. 
When the nitrogen-free extract is largely lactose, a s  is the case with 
dried whey and dried skim milk, the value 3.7 Calories per gram of 
nitrogen-free extract would be more accurate than the value 4.2 Cal- 
ories. However, in an  ordinary mixed ration, the lactose content is  too 
low to affect appreciably the value of the nitrogen-free extract. 
(3 )  The heats of combustion of 62 rations, as  found and a s  calculated 
means of the same factors a s  used for  the feeds, were in excellt 
agreement. The average percentage difference was 0.9 and the stand: 
deviation was 1.8 per cent. 
(4) The heats of combustion of chicken excrements from digestion experi- 
ments were calculated by means of the same values a s  used for feeds, 
with the addition of 2.735 Calories per gram for uric acid and 5.8 
Calories per gram of ammonia. With 136 samples, the average of 
the differences is 2.1 per cent and the standard deviation of the 
differences is 2.8 per cent. 
(5) The metabolizable energy per grain of ration was calculated from the 
digestion experiments by subtracting the number of calories of heat 
of combustion in the excrement produced from the number of calories 
in the corresponding quantity of the ration eaten, and then dividing 
the difference by grams of ration eaten. The metabolizable energy 
was calculated by use of 4.0 Calories per gram for  digested protein, 
4.2 Calories per gram of digested nitrogen-free extract and crude fiber, 
and 9.47 Calories per gram of ether extract. The metabolizable energy 
calculated was too low. Since previous work showed tha t  growing 
chickens retain, on an  average, 56.6 per cent of the digested protein, 
correction was made for  this retention by use of the value of 5.13 
Calories per gram of digestible protein. The average difference be- 
tween the metabolizable energy for fattening a s  found by 128 tests 
was 2.0 per cent and the standard deviation of th i s  difference was 
2.8 per cent. This agreement is excellent. 
(6)  The metabolizable energy for chickens on a maintenance basis of 
ordinary feeds or rations can be calculated with an  excellent degree 
of accuracy from the digestible constituents by means of the values of 
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4.4 Calories per gram of protein, 4.2 Calories per gram of nitrogen- 
free extract and of crude fiber, and 9.47 Calories per g ram of ether 
extract. If appreciable amounts of lactose a r e  present, allowance 
should be made for the fact that  its heat of combustion is  3.7 Calories 
per gram instead of 4.2 for the nitrogen-free extract in most feeds. 
There may be other in~red ien ts  in special feeds for  which allowance 
must be made to  secure increased accuracy of the calculations. 
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